In this study, distillation, as used in process industries, was explained and the effect of the minimum number of stages in the separation process in a distillation column was examined. The study looked at the design steps of a binary distillation column using the principles of the McCabe and Thiele Method. The Excel software which is cheap, common and can be easily gotten was used to determine the number of stages and trays. The theoretical number of stages, the actual number of trays and the optimum number of stages in a binary distillation column were calculated using an Excel spreadsheet. The study showed that the minimum number of stages obtained in the specified design were approximately seven, the theoretical number of stages were ten, the actual number of trays were thirteen and the optimum number of stages were twelve for a partial reboiler and a total condenser. Thus a column with fewer than the minimum number of trays, cannot achieve the desired separation, even at very high reflux.
INTRODUCTION
Distillation is a separation process and also one of the unit operations widely used in process industry. Distillation is used to separate two or more components into an overhead distillate and bottoms where the bottoms product is liquid, and the distillate may be liquid or a vapor or both. Distillation is based on the fact that the vapor of a boiling mixture will be richer in the components that have lower boiling points. Distillation is applied in many areas (fermentation, desalination, fossil fuel industry, etc. There are many types of distillation columns, each one of them is designed to be used in specific kind of separation. Depending on how they are operated they can be classified to: Continuous or Batch distillation columns. Binary distillation is a special distillation process. It is a multistage process for separating a mixture of two components. The separation process requires that (i) a second phase be formed so that both vapor and liquid phases can contact each other on each stage within a separation column, (ii) the components have different volatilities so that they will partition between the two phases to different extents, and (iii) the two phases can be separated by gravity or other mechanical means [1, 2, 5, 8, 9, 16, 19] . A binary distillation column showing the number of stages is shown in Figure 1 . Ideally, the more volatile component is separated as vapor and flows out from top. The less volatile component flows out at bottom as liquid. The product for a binary distillation process is a pure component, or technically a purer component. The component can be obtained by collecting the vapor flow or the liquid flow. There are two ways to do distillation calculations by McCabe Thiele method. One is graphical method and other way is by using any other commercial simulation software. The graphical method is by hand and is time consuming. The use of the commercial simulation software though is costly and requires license is the best especially when different mixtures are involved. In this paper, Ms -Excel is used to determine the minimum number of stages in a binary Distillation Column.A detail work on McCabe Thiele's equations is given in many literatures [3, [11] [12] [13] [14] 20] . 
International

The Procedure
McCabe and Thiele method uses the equilibrium curve diagram to determine the number of theoretical stages (trays) required to achieve a desired degree of separation. It assumes constant molar overflow and this implies that: (i) molal heats of vaporization of the components are roughly the same; (ii) heat effects are negligible. The information required for the systematic calculation are the vapour liquid equilibrium (VLE) data, feed condition (temperature, composition), distillate and bottom compositions; and the reflux ratio, which is defined as the ratio of reflux liquid over the distillate product. Figure 1 is usually separated into the top section and bottom section of the binary distillation column. The detail procedures for the McCabe and Thiele Method are shown elsewhere [1, 3-7, 9, 16, 20 ].
The Problem and specification
Suppose, we are going to design a distillation column to separate benzene-toluene mixture with feed flow rate 3000Kmole/hr, the feed is saturated liquid, the feed has 60% mol fraction of benzene and the over head product has 0.95 mol fraction of benzene and the bottom product contain 0.05 mol fraction of benzene. The system operates in partial reboiler and total condenser modes. The distillation column also operates at atmospheric pressure (p= 1atm) and the operating reflux ratio is 2. The design specifications are shown in 
Assumptions
The McCabe-Thiele method of column design is used with the following assumptions inherent in the calculation:  Constant vapor and liquid flow rates in any given section of the tower.  The latent heat of evaporation is approximately constant with composition and also does not vary much as we proceed from tray to tray.  The system is non-foaming and non corrosive, and thus we can use carbon steel rather than stainless steel as our material of construction.
Sevenstepstaken in the Design Calculation of the Optimum Number of Stages
Though our concern in this study is the determination of the actual number of plates in a binary Distillation Column using excel, the following steps should be followed in the binary distillation column design [8, 13, 14, 15] 
Design Calculations of the TXY data and drawing the equilibrium curve (XY) diagram of a binary distillation column:
A detail design calculations of the TXY data and drawing of the equilibrium curve (XY) diagram of a binary distillation column has been done and reported elsewhere [20] . In their study, they calculated the TXY data and plotted the equilibrium curve (X-Y) diagram using hand and excel. The TXY data is presented in table 2 and how the equilibrium curve (X-Y) diagram was plotted with MS Excel is shown in figure 2. 
Design calculation of the minimum number of stages in a binary Distillation Column using excel
With the TXY (equilibrium curve) data, the equilibrium curve can be drawn or plotted as explained in section 2.4. The determination of the minimum number of stages in a binary distillation column using Excel is presented in figure 3 . 3. The drawing starts from the point where x d = 0.95 meets the diagonal line (45 0 line) and stops at the point where x b = 0.05 meets the diagonal line. Here the 7th stage is a little above the point where x b = 0.05 meets the diagonal line. So the minimum number of stages or theoretical plates required at which separation can be achieved is approximately seven (7). Step 2
Design Calculation of the optimum Number of Stages in a Binary Distillation Column Using Excel
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Step 10 This implies that in figure 4 , the top operating line (TOL) must past through at point 1, the feed line (X f = F B = 0.6) at point 2 and the intercept = 0.32 at point 3.
TOP
The operating line for the bottom section (the stripping section) is given by equation (2) (2)
This implies that in figure 4 , the bottom operating line (BOL) must past through and the intercept . It is important to note that both TOL and BOL must meet at Feed line (X f = F B = 0.6) atpoint 2
The theoretical number of stages which is also called the equilibrium stages helps in the calculation of the actual number of trays in the binary distillation column.
From figure 4 , the theoretical number of stages ( ) is 10.
Design Calculation of the actual number of trays in a binary Distillation Column using excel spread sheet
To determine the actual number of trays we use equation (3) The actual number of trays =
Note that is efficiency of tray [11] , [12] , [13] , [14] [ ( )]
Where:
is Molar average liquid viscosity of feed evaluated at average temperature of column.
is Average relative volatility of more volatile component mNs/m2
So if the efficiency ( ) is 75% = 0.75
Then, the Actual number of trays =
Design Calculation of the actual number of stages in a binary Distillation Column using excel spread sheet
The actual number of stages is calculated from the actual number of trays. If we use partial reboiler and partial condenser, then the actual number of stages = but if we use Total reboiler and total condenser, then the actual number of stages is the same as the actual number of trays So, the actual number of trays =13 and since we used in our calculation partial reboiler then the actual number of stages =13-1=12 stages. Figure 4 shows how the minimum number of stages or theoretical plates can be determined using Excel spread sheet.The study showed that the minimum number of stages obtained in the specified design were approximately seven, the theoretical number of stages were ten ,actual number of trays were thirteen and the optimum number of stages were twelve for a partial reboiler and a total condenser. The minimum number of stages or trays to make a specified separation is found when an infinitely large reflux ratio is used. The L/V ratios in both sections of the column become unity and lie on the 45° line. This situation actually takes place in a column when it is operated under "total reflux" conditions. No feed is introduced and no products are withdrawn, but heat is added in the reboiler and all the overhead vapor is condensed and returned to the column as liquid reflux. Thus a column with fewer than the minimum number of trays cannot achieve the desired separation, even at very high reflux. At total reflux, the number of theoretical plates required is a minimum. As the reflux ratio is reduced (by taking off product), the number of plates
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